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1 
i4i iïï:eniofi êlë fO tW ddee  fëëdï 
ratë 6ï trfi of-thé véhidlé oh hih thêy 
mse; ueh yo6D ë o ê 
c. 
té' eaft 5 v«i i is é ad ' hot ë tê 
oth i'-hé t C?«f i ë» h 
eafië 0i thë  of u fit Chê t 
banks in making a turn, an error due të 
angle enters the output of the rate gyro and 
causes a fae output f dication. In the 
treme case of a 90  ba angle the gyro ceases fo 
epëate as g turn.indicàtor and n0 indication 
sëcuéd bease the gyo spin aki$ wold be 
Vetîeal .. sitibn: Ho@eer £hë isrument 
wodbë accurate up fo tee ba.anles sueh 
as 60 or V0 degrees, if the-0utput 0r.indiction is 
corretëd. s heeinafter eplained. 
I we le R-be he - ratWer turn 0f thë cat 
about.a ' vertical a relative t0%e earth and let 
 be h a angle-oï thê craft as if tns about 3o 
tis vertical aXis the th amount of precession 
of-.the gyro ufider the usUa! resilient estrainç 
wflt bé proportional fo the poduet 
Thereïore the-fidiéatd rate of tur wfll: be di 
miisheoE y a c5Sine- funti6n Of the b àfile: 35 
 my invention I elimihte tN errbr .b 
tag  signal whih is equàl fo heediprocl 
o thé cosse ïuncti0fl, i. é., a secant fucti6  
the ba angle and mify the gyro 
this seant function. 40 
ccordin t0 my ivntion  heêfre pOVde  
a méhS for ëfféctivelY orrêctg te oihe 
the ban angle error in the oUut 6f h raté 
O. and herey give n 6utput hichis 
mercure o rgê of u gb5u trUe vétal i. 
ax 6ïgidCt. witfi të iët5 ifi ié 
gravity ats. 
Afioth féature of the invention is t évidea 
rate of tUrn-o istrueht, heoutput of ich 
is modified by an amount prortional 
trigonometric fnetion-0f .the'-5 anglê i. ê., 
thë output of the rate of-turn gyro is mflltilled 
Dy-he.reCiprCal o thë oseuf hëbank nglé 
or DF js equialent, thê secafit oï-the n afigle. 

vidë  fïte 6f ffi ifiJuëi iïa v]ïi@h efJ6fs 
thëëifi dsd bi fil 6f thë @rft 
instrument is mounted ':fifi$  fë ëlimi- 
ntéd 
t fi6ï-eÏ fëtêg 6f th lfifùêfigfiiê 
sCfiSëd fiéfèifi fd eméifi mê pifidil ob 
adR-ê for e i ëhef ël: _ 
ifivêfitin 
Fi i 
Fig.  ig  Viê of fie çë Sçdëp@ 
g. 4 is a paial section of 
adihieh t-hW$ sûctrè, i t n;. 
of. Fig. 4 
in$ afi5he mödifiëai0 è: ë intiohï. 
ii: ail élëctiçat otî6fi ftSê 
ë  @ 6ï tuh }}6b: h0h i .çis" in 
vdht{6 i 0f thd Y@ soWn 
0. 2330 dtëO 3fié 8% i93 rb C« S: Draper. 
6untéd, bù digha bY 6oifië 
jouraled in a ormall b}ztl sia 
the or ëarin  frime $ whic famëifl turh is 
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journaled on a horizontal axis normal o sid spin 
axis. The rotor 2' is shown as being air driven 
as by nozzle  which is connected to some source 
of pressure (hot shown). The rotor bearing 
frarne 3 is journaled on the fore and art 
horizontal axis of the craft by means of lef 
springs 8, 8' ai the one end of the casing, and 
by leaf springs G, 6' ai the other end thereof, 
one end of the springs being fastened ai the 
Reriphery of the casing and the other ends being 
secured fo the rotor bearing frame trunnion 
shafts ., '. The precessional rotation oî the 
shafts ,, ' is restrained by leaf springs 8, 8', , 
' and this limited rotation is proportional fo 
the rate of turn of the craft but diminlshed by a 
cosine ïunction of the bank angle..The gyro- 
score 2 is liquid damped as by means of damping 
discs 8, 8' fastened fo the rotor bearing frame  
and located in liquid containing end walls , 9' 
of the instrument housing . 
For a more detailed- description of the gyro- 
scopic element of this invention, see the afore- 
said Draper reissue patent. 
In the present invention if is desired to effec- 
tively modify the output or indication of the in- 
strttment by correcting the error produced by the 
bank angle of the craft on wl¢ich if is mounted, 
that is, by.eliminating the cosine function of the 
bank angle factor. As stated above, this may be 
done by obtaining a signal which is proportional 
fo a reciprocal function of the cosine of the bank 
angle, i. e. a secant function, of the bank angle 
of-the craït. If has been round that the re- 
sultant acceleration of the component of cen-. 
tripetal acceleration and the component of 
gravitational acceleration along the normally 
vertical craft axis is proportional fo the secant 
oï the bank angle. The above may be more fully 
understood by referring fo copending application 
Serial No. 682,602, filed July 10, 196, now Patent 
No. 2,553,560, in the name of Orland E. Esval 
for Aircraft Turn Control. This factor is then 
interposed between the output shaft of the gyro- 
scopic element and the indicator or output of the 
instrument and modifies the latter fo give an 
output which is proportional fo the true rate of 
turn of the craft. 
. To accomplish the above result, I bave shown 
a gear I} mounted on the gimbal trunnion shaft 
 and rotatable therewith. Gear 18 meshes with 
gear ! l which is joumaled in a downwardly pro- 
jecting bracket !2 ai the top of the instrument 
housing !. A sector !$ (see Fig. 2) is mounted 
for rotation with gear .! ! and frictionally engages 
a wheel !4 which is free fO rotate and also free 
fo more up and down along a guide rod ! 8. The 
guide rod 18 is supported ai ifs top from the 
bracket 12 and projects downwardly along the 
vertical axis of the instrument and is supported 
ai ifs lower end by the housing !. The wheel !4 
is translatable along said guide !8 by the action 
of a mass ! which is, in turn, supported by a 
spring ! and thrust bearing !. Between the 
wheel.4 and the mass !6, an integral therewith 
is an elongated pinion 9 which engages with a 
sector gear 28. This sector gear is shown as 
rnounted on a shaft 2!, supported for rotation 
in a bracket 2 which projects upwardly from 
the base of the instrument housing !-. Ai the 
lower end of shaft 2! is a pair of bevelled gears 
23 which ïotate an output shaft 4 which has 
fixed thereto ai ifs outer portion en indicating 
device shown as a pointer 2 and suitably cali- 
brated scale 2 (see Fig. 3). 
The mass ! is shown as being enclosed in a 

4 
liquid containing case 2, said case formtng a 
damping means for the mass ! 8 whereby the mass 
will respond only to long period accelerations 
and hot to short period accelerations such as 
G may be caused by turbulent air. The wheel !, 
mass  , spring !  and pinion ! 9 together form a 
spring suspended, fiuid damped accelerometer 
which is mounted fo act along a normal fo the 
fioor of the aircraft and fo measure the magni 
10 rude of the above-mentioned resultant accelera- 
tion. The magnitude of the resultant accelera- 
tion equals the acceleration o gravity multiplied 
by the secant of the bank angle, and the instru- 
ment correction is effected by the mass and spring 
15 combination which is responsive thereto. The 
mass and spring factors, being constants, may 
be ascertained by propeï instrument design. 
In operation, whenthe airplane banks the ro- 
tation of the gyro output shaft  is proportional 
20 fo the rate of turn ¢ diminished by cosine  (the 
bank angle). In other words, the rate gyro out- 
put on shaft  has a rotation which would indi- 
cate less than the true rate of turn, but the action 
of the acceleration sensitive mass ! pulls down 
2- the wheel ! increasing, through the change of 
radius between the wheel ! and the axis of rota- 
tion of the friction sector !3, the effective rota- 
tion of the output shaft 2. This action, in effect, 
increases the motion transfer ratio between the 
30 gyro output on shaft  and the instrument out- 
put shaft 2. The amount of displacement of 
the acceleration sensitive mass  8, measured from 
the pivot of sector !, is as above pointed out, 
ruade proportional fo the secant of the bank angle 
 and therefore the indication provided by pointer 
28 and scale 28 is proportional fo the product (¢ 
cosine ) rimes (secant ). Since the secant  
is equal fo 
1 
40. 
cos  
the cosine factor present in the. output ofthe 
gyro cancels oùt the cos  factor and the modified 
oùtpùt appearing ai shaft 2 is independent of 
4 the bank angle and so is a measùre of the true 
rate of turn of the craft. 
In Fig. 4, there is shown another modification 
of the invention wherein the acceleration sensi- 
tive means !6' is shown as mounted directly on 
50 the output shaft  of the gyro 2. In this case, 
the acceleration sensitive element is shown as a 
mass 38 connected by leaf springs 38", 3{]" which 
are riveted to the mass 39 and the block $ !, said 
block being fastened directly fo the gyro oùtput 
 shaft 7. To provide damping of the acceleration 
sensitive element ùsed in this instance, there is 
provided between the mass 38 and the block 3! 
and the leaf springs 38', 38", a substantially 
resilient piece of rubber 
0 Attached fo the mass 3 is a downwardly pro- 
jecting arm 33 which has on the end thereof a 
pin 34 wh!ch rides in an elongated slot 38 in a 
lever arm 3. The mass is permitted fo move 
only along an axis that is sùbstantially parallel 
5 fo the vertical axis of the craft. The arm 38 is 
shown as moùnted on the output shaft 2 of the 
instrument. As in the case of Fig. 1, there may 
be a pointer attached fo the end of this shaft 
readable on a scale simflar fo that shown in 
7O. Fig. 3. 
In the operation of the moclification shown 
in Fig. 4,:when the mass 3} is acted upon by 
the. above-mentioned resultant acceleration force 
due ' fo banked turning of the craft, it carrles 
 downwardly the arm 33 and pin 3, and effective- 



]y inereases them0vement 6f thë pointer 
whlch has been displaced by the precession of 
the gyro by changing the fulcrum of the lever 
arm 36. 
The .modification shown in Fig. 6 is different 
from that shown in Figs. I and 4 in that in this 
cas-there is no sliding friction involved. The 
increased motion transfer ratio between the gyro 
output shaft I and the movement of indicating 
pointer -5' is accomplished by a series of cross 
spring hinges of known type. 
In this case, the pivot axis 42 of the pointer 
25 « .Is deflned by pairs of fiat cross spring hinges 
40.and 40', and 41 and 41'. These springs per 
ral the rotation-oï the pointer about th axis 
42_, while at the saine rime restraining .the trans- 
lation of. the pointer. Attached to the output 
shaft I .of the :rate .gyro is an arm 43 which at 
its hpper end has connected a flexible spring 44. 
Flexible spring 44 is in turn connected to a frame 
46 on-which are also fastened the cross springs 
40, 40' and 41, 41'. These fiat springs are fas- 
tened t0 the acceleration sensitive means 
Th-is means is shown as a mass 41 mounted on 
the-nstrument housing  by sers of leaf springs 
45, 48 « and 4, 4' and can be dampedby means 
simflar, fo that shown in Fig. 4. It is obvious 
from the drawing that the mass 4 is free to 
move vertically with respect fo the craft and yet 
is-restrained by its mounting springs from trans- 
lationl movement parallel to axis . A small 
mass 4counterbalances the arm 45, pointer ' 
and spring 44-together with the frame 
In operation when the mss 4 moves down 
due to accelerations along the vertical axis of 
the craft àuring a banked turn it carries with 
if the cross sprirgs 4G, 4', 4, 4', the fiat spring 
44 and frame ; therefore, the lever arm be- 
tween the arm 45 and the-axis 42 of the pointer 
$' is shortened, thereby increasing the displace- 
ment of the pointer '. Again, the arnount of 
displcement of the mass 4 is ProPortional to 
the secant of the bank angle and, as in the ap- 
paratus of Figs. I and 4, the output of the instru- 
ment fs increased as the secant function of the 
ba-nk angle. 
InFïg. 8 ther is shown a modification wherein 
the accéleration sensitive means generates a volt- 
a.ge which is proportional to the secant of the 
bank angle and this voltage is applied to an 
electrical pick-off on the rate gyro and modifies 
thë 0utput of this pick-off to give a voltage which 
is proportional fo the azimuthal rate of turn 
of the craft. 
In this case, the acceleration sensitive means 
!G'" has a .mass  attched fo the housing 
by rneans of fiat springs  and  which limit 
the displacement of the mass  along the ver- 
tic, al axis of the craft. 
To provide a voltage which is proportional fo 
the secant of the bank angle, there is provided 
a.C-type pick-off whose armature 4 is secured 
t0 the mass ! and movable therevith, and co- 
operates with the C-shaped cote  upon each 
ofhich .there are windings G and I. The 
wnding SG on .one of the legs of the pick-off 
is energized fr0m a source of constant alternat- 
ing voltage and the winding 51 on the other leg 
has a volge induced therein by the relative dis- 
placement of the armature 4 between the two 
legs. The armature is.adjusted so that at one-g 
 certain voltage exists in the wnding  and 
ddifion fo gwill:p, roducè an increased voit- 
ag in winding . Sihce the secant f a. a.ng!e  
is ever !èSs thauun:itY, the c-Pickoff is adjfisted 
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to poduce .n initial voltage .outut equal 
some arbitrary value, say unlty, hen-the ac 
celeration alo the vrteal crat as is gzaty 
alone; :but the C-çic-off voltag outut ill 
5 crease ltnearly wlth dçlacement of its arma- 
te so at the voltage outut oï the acceler- 
ometer will vary with disRlacement of i arma- 
të which is resçoIve  the resultaut accelera- 
tion acti o-the armature- mass w-hich,, in 
10 is equal  the acceleration of gavïty muItlçlied 
by the secant of the bank angle. 
The outDut shaft 1 of the go  contrals in 
thls instance an electricat .plck-off $9 which gives 
an outçut voltage whlch fs roçortional  the 
5 rate ef.turn of the craft about the vertical craf-t 
axis. The-çik-eff 9 fs in thefo of a.vable 
transformer, of- the E-t,pe- which is well known, 
the Centerleg having a voltge çressed thereon 
and the outer legs çroduci-ng a çortion of 
20 voltage reveible n has and çroçortional to 
the rCative d!sçIacement of the .armature of 
çlc-off: Therefore, shaft 1 carries n arm 
at the end of .which is sécured an aature . 
Armature lcooçer s wlth the  former 
25 2 whch fs  ed relaGve to the armature .l. 
The outçut voltage of the C traformer 
aççearing on leads  is fed to an amRlifl. 
where it fs amçlified and used to energize the 
central leg of  the  .tnsformer . is ener 
30 gizing voltage will vary as the secnt of the 
ba - angle and thereore the outçut of the 
strument açDearing  leads  will be 
tional to the rate of tutu value measured by the. 
gyro multiDlïed b the secant of .the ba angle. 
35 There fs shown in ts figure a phas seitle. 
recifier-G6 into wch the. oltage appeaffmg on 
leads 6 is fed for So austing the voltale tht 
it may be fed to an inoEcating mechasm 
hee, shown as a meter, which gies.  right lbft 
0 indication which is proportlonal to the. rte. of 
turn in azimuth of the craft. 
If is to. be understood that the voltage 
ing  leads 65may be edto apply a signal pro- 
portional to the. true.rate of tn of.the craft to 
anyremote apparatus on the craft, such as an au- 
 tomatic pilot; which ¢qres an aIternatg c- 
rent voltage. Of course, the. output of the 
setive rectifier 66 cod be used similarly By 
an apparatus which reqrs a D. C voltage in 
its operatlon. 
0 
In Fig. 9 the is shown a moflcation where. 
in. the bank angle of. the craft Is actual meas- 
ued by a gro vertical. A secant functlon of 
this measured ba angle is then induced 
5 the outputof therate, gyro to mofy itand:m 
it proPortional to the azimuthal te of t 
For ts ppose there is shown a gHo veical 
 0 which .wilt give a- direct mease of the b 
ale of the craft.. On the roll as shaft of the 
60 gyro vertical , there is moted a cam ? part 
oï hich is cut in the form of a secant curve. 
Therefore, the cam follower 2 is splaced by 
cam ?1 an amount proptional to the secant of 
the ba al. e design of the c is such 
65 that- it becomes circar at some angle which 
substantially less than 90  because 
tion for the error caed by bank gte of the 
te disclosed in this invention will only be 
70  fective uD to ba angles of say 60 to 0 degrees. 
Cam fotlower 1 has fixed theon a sllder 
wch cooRerates with a çotentiometer or rheo- 
star 7. The disçlacement ofthe Sder 15 caes 
a::rèslstance, droç in the rheostat and theref0e 
75 an:incsê in the volge appearing on the leads 



@', this nceae being proportional to the secant 
of the hank angle. 
As in Fig. 8, the output shaft 7 of the rate gyro 
2 controls..the output of an E transformer 59'. 
However, the central leg thereof is excited by 5 
an A. C. voltage from the source ,5. The out- 
put of. the E. transformer 9' is connected in 
series with the rheostat 74 and therefore, the 
voltage appearing on leads 6 is an A. C. voltage 
which is proportional to the azimuthal rate of lO 
turn of the craft. 
As in Fig. 8, there is also shovn a phase sensi- 
tive rectifier 66 which produces a D. C. signal that 
is applied to a meter 67' similar to that shown 
in Fig. 8. Similarly, the voltage appearing at 15 
76 or 66 may be applied directly.to an automatic 
p.ilot or other apparatus on the craft requiring a 
voltage which is proportional to the azimuthal 
rate of turn of the craft. 
Since many changes coüld, be ruade in the 2o 
bove construction and many apparently wide!y 
different embodiments of this invention could be 
ruade without departing from the scope thereof, 
itis intended that all marrer contained in the 
above description or shown in.the accompanying 25 
drawings sha11 be interDreted as i11ustrative and 
not în a limiting sense. 
What is claimed is: 
I. In a true rate of turn indicator having an 
indication proportional to the.rate of turn in s0 
azimuth of the craft on which itis mounted, the 
combination with a rate of turn gyro, of acce1-. 
eration sensitive means adapted to give a dis- 
Placement a10ng the vertical craft axis pr0por- 
tional to a function of the angle of tilt of said , 
axis, of an indicator member, of motion trans- 
mitting means comprisiug a fiat sector opera- 
tively connected with said rate gyro, and a ro- 
tatably mounted member in frictional engage- 
ment with said sector and radially displaced on 4 
said sector member according to the. displace- 
ment of said acceleration sensitive means, said 
rotatably mounted member being operatively 
coupled fo said indicator member. 
2. In a rate of turn indicator having an indi- 
cation proportional to the rate of turn in ami- 5 
muth of the craft on which it is mounted, the 
combnation with a rate of turn gyro, of accolera- 
tion sensitive means adapted fo give a displace- 
ment proportional fo the resultant acceleration 
of said craft along the vertical craft axls and op- 50 
eratively connected with said rate gyro, and of 
an indicator positioned jointly by said gyro and 
said acceleration sensitive means whereby said 
displacement wi11 modify the movement of said 
indicator to compensute for the error due to a 55 
banked attitude of said craft. 
3. In a rate of turn instrument having an out- 
put signal proportional fo the rate of turn in 
azimuih of the craft on which it is mounted undi- 
minished as a function of the bank angle of said 60 
craït, the combination with a rate of turn yro, 
of means responsive fo the resultant acceieration 
of said craït along the vertical craft axis forpro- 
ducing a signal proportional fo said resultant 
65 
acceieration, and means controlied by said signal 
producing means or compensating or the effect 
of attitude oï the craft in bank on the rate of turn 
outpüt signál o said rate of turn gyro. 
4. A .rae of turn..instrument having an indi- 
70 
cation Droportional to the rate of turn in azmuth 
Of the Crat onhic h t. is mounted, compr.ising a 
rate of tuzn g-yro, a n,ndicator opeïated thereby,. 
an acceleration sensitive means responsive to-the 
resUltant. cCeleratlon of aid craft a.long the.er: 5 
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tical craft axis and adapted to have a dispacé-' 
ment along said axis proportional to a function 
of the bank angle Of said craft, a motion trans- 
mitting means for operatively connecting said 
rate gyro and said indicator, and means 
trolled by said acceieration means for varying the 
motion transfer ratio of said transmitting means... 
5. in a rate of turn instrument adapted.to give 
an output signal proportional to. the rate of turn 
in azimuth Of the craft on which it is mounted, 
the combination with a rate of turn gYrO having 
an output signal, a source .of voltage, an accelera- 
tion sensitive member sensitive to the resultant 
acceleration of said craft along the vertical craft 
axis, of means connected with said voltage source 
and operated by said acce]eration sensitive ruera- 
ber for supplying a voltage output dependent in 
magnitude on said resultant acceleration, and 
means for combining said voltage output-with 
said gyro output signal, whereby to vary said gyro 
output signal in accordance with said resultant 
acceleration. 
6. In a rate of turn instrument adapted to give 
an output signal proportional to the azimuthal 
rate of turn of the craft on which it is mounted, 
the combination with a rate of turn gyro, of a 
source of voltage, of a first variable transformer 
responsive fo movement of said gyro, of an accel- 
eration sensitive means sensitive to the resultant 
acce]eration of said craft along the vertical craft 
axis and adapted to bave a displacement propor- 
tional to said resu]tant acceleration, of a second 
variable transformer connected to said voltage 
source and operated by said acceleration sensitive 
means for producing an output proportional to 
said displacement, said second transformer, out- 
put being connected to said first transformer. 
whereby the voltage output of said second trans- 
former controls the voltage output of said first 
transformer° 
7. A rate of turn indicator having an output 
proportional fo the rate of turn in azimuth of 
the craft on which if is mounted and comprising 
a rate of turn gyro providing a measure of raté 
of turn uncorrected for the bank angle of said 
craft, a rate of turn indicator, means for con- 
nectin said rate gro fo operate said indicator, 
an acceleration sensitive means respons[ve to the 
resuitant acceleration of said craft along the ver- 
tical craft axis for providing an output dependent 
upon bank angle of the craft, and means con- 
necting the output of said acceleration sensitive 
means with said indicator-connecting .means for 
effecting an oDeration of said indicator in accord- 
ance wth the output of said rate gyro modified 
by a function of craft bank angle. 
8. in an instrument of the character described 
for dirgible craft, the conbination with means 
for measuring the rate of turn of the craft abouç 
the Yertical axis thereof, an indicator, means for 
connecting the output of sid rate measuring 
means fo operate said indictor, an acceleration 
sensitive means responsive fo the resultant accel- 
eration of said craît along the vertical craft axis 
for providing an output dependent upon bank 
angle of the Craft, and means connecting the out- 
put of said acceleration sensitive means %vth said. 
indicator-connecting means for effecting an oper- 
ation of said inoEcator in accordance with the 
output of said rate gyro modified by a function of 
craft bank angle. 
9. In an insrumèn of the character described 
for diriib!e craft, the combination with means 
for measuring the rate of turn of the craft bout 
he yet!cal axis there0f, an ndicator, means for 
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connecting the output of said rate measuring 
means to operate said indicator, an acceleration 
sensitive means responsive fo the resultant accel- 
eration of said craft along the vertical craft axis 
for providing an output dependent upon bank 5 
angle of the craft, and means connecting the out- 
uut of sald acceleration sensitive means with said 
ïndicator-connecting means for effecting .an oper- 
ation of said indicator in accordance with the 
output of said rate gyro modifled by a secant 10 
function of craft bank angle. 
WALTER WRIGLEY. 
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